Electric cars are entering into the automotive market. However, their prices are still expensive mostly due to the battery cost. Additionally, electric vehicle batteries are considered not useful for traction purposes after they have lost a 20% of its capacity. Having still an 80% of its capacity, these batteries may work on stationary applications with lower requirements than electric mobility.
Introduction
The entrance of the Electric Vehicle (EV) into the automotive market is constantly increasing since the last decade [1] and it is expected to capture a relevant part of the market even in the worst scenario [2] . As an example, during the last years in Spain, 15 different car manufacturers ( Figure 1 ) gave licenses to 18 different EV models. However, EV has some drawbacks to overcome, like the price and the short autonomy range [3] .
Indeed, the EV entrance into the market is environmentally envisaged, but it also comes with threats and challenges for the electricity grid and infrastructure. Fast charge, peaks of electricity consumption, charging points distribution, local service transformers overheating and risks on secondary service lines are just a few of these future problems to be solved [4, 5] . Fortunately, energy storage systems are often presented as possible solutions to these problems, providing services like load levelling, peak shaving, frequency regulation or sudden shut down support among others [6] .
Since now, batteries were not considered for grid services for several reasons. In the past, the principal handicap was the low progress in the state of technology, now that Lithium ion (Li-ion) batteries are reaching good performance results it is their high price that restrain their entrance into ancillary grid services.
Three key factors may help Li-ion batteries to reach economic competitiveness:
• New Li-ion batteries are experiencing a considerable and sustained price reduction because of increasing mass production. It is expected that prices will reduce to half within the next ten years [7] . Source: ANIACAM.
• Continuous electricity price increase.
• Future availability of EV batteries ready to reuse.
It occurs that EV batteries are considered not useful for traction purposes after they have lost a 20% of its capacity and they should be retired from the car. Then, as these batteries still have an 80% of its initial capacity, they could be used as energy storage systems for the aforementioned solutions [8] . Therefore, what was a problem from the car point of view could be an opportunity from the electricity services side. In fact, some companies are trying to demonstrate their performances and functional benefits with diversity of projects even though the first approaches do not point towards huge revenues [9] . This is when the circular economy and the 2 nd life of battery management enter into play. This study presents different aspects concerning the reuse of EV batteries, such as State of Health (SOH) assessment, different technologies and forms, communications system and Battery Management System (BMS) among others. Moreover, the study analyses different alternatives to confront battery variability, making special attention to the main aspects to take into account before starting up remanufacture businesses.
Battery Collection
The first aspect to consider is the origin of these batteries. In fact, used EV batteries do not come from a factory as most products normally do; they come from old cars spread all over the world. Therefore, the collection of batteries from old cars is something to deal with. Cars should normally finish their lives in Authorized Treatment Centres (ATC), where they are dismantled. Some parts will be sold as spare parts, others will be recycled and batteries should be sent to the remanufacturing plant.
Another important issue to consider is the inherent danger when working with batteries. A discharged Li-ion battery is not an empty battery. Indeed, Li-ion batteries have security voltage limitations to ensure a stable working range, leaving an unusable remaining capacity. Therefore, when an EV battery is discharged it still has more than 230 V and plenty of power to deliver. Additionally, it is impossible to know its state of charge (SOC) without specific electronic equipment. Consequently, safety is essential when manipulating these items. EV batteries normally use Lithium ions to transport electrodes from anode to cathode and vice versa. Lithium is a very reactive element being one of the reasons that pushed to classify this type of batteries as dangerous goods [10] . This classification causes non-trivial transportation and packaging management, detailed in [11, 12] , that should be taken into account when calculating transportation costs and equipment required.
Additionally, it is important to identify who is responsible of this battery. European directive 2006/66/EC states that a company putting a battery into the market is responsible of its management at the end-of-life. In the case of EVs, it corresponds to the car manufacturer. However, when dealing with 2 nd life EV batteries it is not clear where the responsibility falls to because the battery was already in the market. Hence, the corresponding institutions on each country should regulate this issue.
The easiest way to proceed with the battery collection would be if car manufacturers carry it out by themselves. Nonetheless, as car manufacturers have contracts with Integrated Management Systems (IMS), companies in charge of all component waste management, it could be one of these companies doing the collection. Other solutions could be, for example, that the remanufacturing company registers itself as an IMS and seals an agreement with car manufacturers and ATCs; or that ATCs build a remanufacture plant; or even that car manufacturers get prepared to remanufacture the batteries in-house, recovering batteries by themselves. In fact, there are many options and alternatives.
Battery Variability
The next barrier to deal with is the diversity between batteries. As presented in Figure 1 , there are plenty of electrified models from almost all car manufacturers. Indeed, most car brands have a partnership or specific agreement with battery manufacturers. Moreover, each battery manufacturer is specialized in certain type of cells, designing them to fulfil the requirements provided for each car manufacturer. In addition, these requirements strongly depend on the car model performances. Consequently, there is a vast rainbow of possibilities concerning the different aspects of batteries. Table 1 shows the characteristics of some electrified models conforming this variability. The main differences between EV battery models are: cell chemistry, functional characteristics of the battery, cell type, module dimension, power and capacity of the battery, refrigeration system implemented, battery management algorithms, communication protocol and final packaging. This section presents a short description and discussion of each one of these aspects. Anderman [13] .
Notice that Table 1 shows EV battery prices, not their production costs. In fact there is a wide dispersion on EV battery prices. Most of research reports assume that EV battery packs cost between 600 and 350$/kWh, while in Table 1 there are values well beyond this point [14] [15] [16] [17] [18] .
Cell Chemistry: The concept of "Li-ion battery" defines all kind of batteries having lithium ions as the mechanism for electron transportation between electrodes. However, depending on the performances desired, such as high energy density, high power density, safety or lifespan, the selection of anode and cathode materials presents subcategories depending on the elements used to create them. Graphite, Lithium Manganese Oxide (LMO), Lithium Iron Phosphate (LFP), Nickel Manganese Cobalt (NMC), Lithium Nickel Cobalt Aluminium Oxide (NCA), Lithium Cobalt Oxide (LCO), Lithium Titane (LTO) are just some examples of cell chemistries. Each one of them has its own voltage and security limit characteristics [19] as depicted in Figure 2 , where cells with higher voltage are the ones having more thermal instability (red line on the left) or lower lifespan (red arrow on the right caused by lithium platting). Technologies have been changing in the recent years, slowly converging to Graphite/NMC for automotive uses [13] , but still there are many alternatives used by different car manufacturers, as it is appreciable in Table 1 . Battery cells are fabricated adding layers of electrode, electrolyte and separator. The number of layers and its size defines its total capacity.
Functional characteristics: Additionally, knowing that functional exigencies of the vehicle have a direct effect on lifetime [21] and to ensure higher safety standards, car manufacturers added restrictions to the allowed Depth Source: Storage systems based on electrochemical batteries for grid support applications [20] .
of Discharge (DOD) by changing voltage limits depending on the objectives of longer life guaranties or higher performances. These additional restrictions affect the available capacity of the battery and increase the battery market variability.
Cell Type: There are three different ways to group layers forming a cell: Cylindrical, prismatic and pouch. This classification defines the external form of cells, which may also have different sizes.
Module dimension: Cells are grouped into modules [22] . Again, we find an enormous heterogeneity in module designs. In fact, the quantity of cells per module differs between car manufacturers, between models and even for the same EV model. In fact, two different cells modules can cohabitate in the same battery pack, as it is the case of the VW e-golf.
Power and capacity: EV, Plug-in Hybrid Electric Vehicle (PHEV) and Hybrid Electric Vehicle (HEV) batteries are quite different considering power and energy capacity. Typically, EV batteries have around 24 kWh, while PHEVs are under 16 kWh and HEV do not get above 5 kWh. Again, the power of a vehicle depends on the performance designed for the model. Nevertheless, 80 kW is a common value for regular EV.
Refrigeration system: High temperatures accelerate battery degradation and aging [23] . Therefore, thermal management is a major concern on EV batteries. Nowadays, car manufacturers use three options: Forced air, liquid refrigeration or natural refrigeration (none), as shown in Table 1 . New alternatives, such as change-phase materials and heat pipe hybridization [24, 25] are expected to appear in the nearby future, although they are not yet implemented. However, liquid refrigeration systems have many specialized designs, going from simple cooling plate under the batteries to in-between cells cooling system. Battery Management System: All batteries need electronics to control the aforementioned parameters and ensure safety and functionality. To do so, there is a particular BMS design using specific electronic equipment [26] . These BMS are nowadays prepared for first use only. These systems include complex algorithms and confidential definitions that should be guarded from foreign watchers. Besides, they also have safety instructions regarding the use on a car, such as key position or door closed among others, to prevent risks that are senseless on 2 nd life applications. In fact, due to the absence of these messages in 2 nd life applications, BMS might easily misunderstand signals and make sudden stops or give unexpected errors.
Communication protocol: As said in the previous point, the battery management system is connected to the on-board management system, which controls the rest of the vehicle parameters. This communication is done using a Controller Area Network (CAN) protocol. Although all car manufacturers use this protocol, each one defines the messages exchanged between the batteries in a particular way. Hence, the messages for one battery model are not the same as the messages received from another model. On the other hand, batteries are expected to work alone without any need to identify their messages. That is, two batteries from the same EV model send exactly the same messages; thus, having two or more grouped batteries, there is no way to identify which messages come from which battery. Thus, some element has to be introduced in order to identify them. One last communications drawback is that, although CAN protocol is well spread in the automotive industry, it is almost inexistent for stationary applications, being Modbus and Ethernet the most commonly used protocols. More details can be found in an specialized study on EV battery 2 nd life communications accepted for publication [27] .
Packaging and form: Finally, everything is packed together forming a single and safe battery. In addition to all the aspects introduced, there is the available space in the car to deal with, so batteries have to find its place along with all the other components. Therefore, there are T-shaped batteries, others occupying the complete floor of the vehicle, others with two levels, etc. Table 2 presents some of the actual batteries from different EV models, showing examples of the heterogeneity inherent in 2 nd life businesses.
Finally, battery aging is another variability factor to take into account when managing 2 nd life battery engineering [28] . Batteries are considered inappropriate for traction purposes after they have lost 20% of its capacity [29, 30] . However, EV owners will exploit them to lower or higher depths depending on their perception of aging and their driving habits and necessities. This means that batteries arriving to the remanufacturing plant will be on an SOH range from 90% to 70% (or even below in some cases). Indeed, not all cells in a battery age in the same way under similar conditions [31] and the capacity of a battery is limited by the cell having lower performance. To estimate a battery SOH there are several tests, although there is no real consensus in how to define it. The major inconvenient is that most of them are very time consuming. According to the VDA initiative "Test specification for Li-ion battery systems", a capacity test takes up to 126 hours and a power pulse test needs 78 hours. These are long time periods for testing, which makes the 2 nd life characterization complicated and expensive. 
Second Life Management Solutions
This section of the study presents different solutions to confront the aforementioned situations in order to be able to manage 2 nd life EV battery businesses. Considering that EV batteries are a pack of modules, cells, electronic and cooling systems, there are two clear different strategies to follow when dealing with its preparation for reuse [32] . The First one treats a battery as the pack it is, without much more manipulation than a visual and electric check and reuses it directly. This strategy is the one selected by many car companies on their second life demonstrator projects, such as Sunbatt [33] or Batteries 2 nd Life [34] among others, where PHEV and EV batteries are installed in a maritime container to offer electricity services to the grid. The second strategy deals with the inner parts of the battery, the process consist in dismantling it into modules to regroup them again forming a new battery product better designed for 2 nd life applications. This latter option was first presented by Sandia National Laboratories in 2003 [8] and can go even further in dismantling until the cell level to afterwards refurbish a new battery [35] . These strategies are called direct reused or battery repurposing respectively. The battery repurposing strategy requires more time and harder work to prepare a 2 nd life battery pack. Additionally, as the EV battery pack elements are dismantled, many of them are useless on the repurposed battery configuration, such as covers, cooling plates and connections between modules, producing more waste. Moreover, the new configuration will need new covers, connectors and wires, delving in a cost increase. However, the repurposed battery offers a much more flexible, optimized and fitted functional final unit. In consequence, economically speaking, previous studies presented that the direct reuse strategy may offer selling prices below 100$/kWh, which can be three times lower than following the repurposing strategy [36, 37] . Moreover, considering that new battery prices are expected to decrease between 300 to 400 $/kWh in the nearby future [38] , the management of 2 nd life batteries following the direct reuse strategy is encouraged against the battery repurposing strategy.
After selecting the direct reuse strategy, this study analyses how to manage received batteries inside the remanufacturing plant. The study classifies the management alternatives in three categories depending on the final product and the remanufacture plant distribution: All in one, Selection and Complete specialization. 
All in one:
This option consists in the use of all type of batteries together. Nowadays, not all batteries have an SOH on-board estimator or an accessible message to know it, therefore, a battery functional test to assess the SOH and functional capacity should be executed in the remanufacturing plant. As mentioned in the final paragraph of Section 3.1, there are plenty of possible tests to do evaluate SOH: Capacity and pulse tests [39] , Electrochemical Impedance Spectroscopy [40] , Voltage and Temperature behaviour monitoring [41] , Battery cell unbalance [42] , among others. In the nearby future, this process may be accelerated by having access to the EV On-board SOH estimation algorithms. Once characterized, batteries can be prepared for a 2 nd life application or rejected if they are damaged or if their degradation is far too advanced and, thus, they are not usable for any application.
This alternative is suitable for applications with one battery only, as in autonomous or battery to home (B2H) applications, where energy storage requirements are similar to the EV battery dimensions [43] . On the contrary, if the preparation of multiple battery energy storage equipment is needed, which is quite provable regarding the power and capacity needs of many 2 nd life stationary applications, the biggest problems encountered will concern BMS interactions. This study considers a major assumption for all the studied cases, which is: all car manufacturers supply a communications interface or have enough confidence in the company to tell how to extract the information needed to communicate with the battery. The latter option is quite improvable because of confidentiality issues mentioned in Section 3 regarding the BMS. Moreover, the communications interface provided by each car manufacturer does not ensure having the same messages (as not all EV have exactly the same configuration) neither it ensures to use the same protocol. The communications on 2 nd life EV batteries is still something to evolve substantially, and nobody knows exactly how future designs will evolve. Even considering this major assumption, this alternative has the following inconveniences:
• Difficulties to predict SOH and SOC of the whole battery pack because of the variability of chemistries.
• Difficulties to charge and discharge all batteries to 100%. In fact, batteries normally follow the less performing of cells and this is even more visible when mixing chemistries [44] . Hence, if there are cells with, for example, 40 Ah and 15 Ah capacity, when the lower capacity cell is fully discharged the battery will consider that the whole battery is completely discharged even if many other cells have still some capacity left (in this example, 25Ah from the bigger cell won't be used). Nonetheless, there are several studies presenting technologies and BMS programming that claim to manage different cell capacities [45, 46] . However, these technologies require additional electronic equipment, making batteries more expensive. Moreover, these solutions are conceived at cell level, thus, to translate it into the management of a group of batteries with different capacities, there is a need for dedicated power electronics and specific energy management systems.
• The final product will be well beyond its potential: Packaging all battery models, with its different forms and refrigeration systems into a single block would derive in plenty of empty and useless spaces. See Figure 3 left image where different EV battery models try to find its best location, as in a Tetris game. Therefore, the final result will have low power and energy density.
• Difficulties to standardize: In fact, the model and number of batteries collected will differ from one week to another because of the existing diversity in the market. Thus, working with all kind of batteries at the same time to produce a bigger battery pack trying to adjust the arrivals with the demand will originate particular developed battery packs, with specific supports, electronics and programming, for each battery order.
Even if this is not an optimal solution, it might be the first industrial step before the EV increases its market share, as it is flexible and takes profit of all the available batteries, leaving nothing to the concurrence. Selection: This proposal also takes all possible batteries into the reusing plant, but instead of mixing them as in the previous case, batteries are classified according to certain characteristics. This preliminary classification eliminates most of previous impediments, such as charging efficiency, battery grouping design and standardization. However, it still depends on the major assumption that all car manufacturers will provide the BMS necessary specifications or a communications gateway to the remanufacturing enterprise. For this alternative, the use of a communications interface is preferred, as all 2 nd life batteries grouped on a remanufactured new pack will come from the same EV model and will use the same messages and protocol.
Once batteries arrive to the remanufacturing plant, the management process starts with the separation and classification by some of its characteristics. That is, for example, by battery chemistry, by cell form, by voltage range, by shape, by kWh capacity, by SOH, etc. However, a selection by model or car manufacturer directly solves almost all controversies, as an EV model will always have the same battery chemistry, shape, power, energy, cell form, refrigeration system, etc.
Then, the only diversity this classification will have is the battery SOH. Consequently, at least a capacity and functional test should be performed to all batteries, cells and modules (depending of the battery strategy followed). This will provide a determined SOH of the battery and, therefore, the needed information to classify them in families with similar conditions for the bestsuited 2 nd life application. For example, batteries with an SOH close to 80% would go to critical services (as uninterrupted power supply or area regulation grid services), while batteries with lesser SOH could work on noncritical services where a battery failure implies fewer revenues but no work or information loss, such as renewable energy self-consumption.
Again, there are two alternatives to treat and select batteries depending on the industrialization process. Either they use the same production line or they have specialized lines for each type or model. Both options have pros and cons briefly discussed in Table 3. EV market sales will help to choose one or another solution or a mixture of them both, such as two specialized lines for the most sold cars and a flexible line to cover all other possibilities. However, Spanish EV market numbers indicate that the best-selling EV model in 2015 made only 388 units from global 2.173 sold cars. That supposes only 18% of the EV market share and almost a car per day. Considering 10 years lifetime for these batteries, which is the warranty car manufacturers are offering [47] , the remanufacture plant will receive about one battery per day in 2025. Nonetheless, EV selling tendencies and forecasts show encouraging expectations for the following years. The quantity of batteries arriving to the factory will also determine the degree of automation. Production line posts can be either manually changeable to different battery references or they can have automated multi-reference posts. Meanwhile, specialized lines will have fixed and robust working stations, providing higher production rates, efficiency and confidence but lower capacity of adaptation. Flexibility always takes higher investments but it might also bring better results on non saturated production lines.
Complete Specialization: With such low battery numbers, and therefore, low revenues [48] , some car manufacturers try to help investors to take part into the business, sharing and opening markets, like the joint venture 4R-energy 6 . These joint ventures provide the possibility to investigate the gaps between client demand and battery capabilities, facilitating the entrance into business. Additionally, the involved enterprises normally sign confidential agreements offering a friendly environment and a partnership framework. Thus, the most optimistic assumption taken in the previous two solutions considering the BMS information exchange is presumably solved in this case. This alternative is the one followed in most of the 2 nd life demonstration projects, such as the aforementioned Sunbatt [33] , Second Life Batteries [34] , Batteries second life 7 and E-mobiloty through the end 8 among others. Each one of these projects is lead by a different car manufacturer and integrator or client.
This strategy comes almost with no variety; all it has to handle is SOH dispersion of batteries.
This solution, evidently, facilitates the plant design, the business plan accuracy (financial support) and the implementation of safety issues and internal management. Moreover, product standardization facilitates industrialization, line automation and simplifies workers' formation. On the contrary, it also leaves high potential opportunities to other concurrence initiatives. Taking the same example from the Spanish market used in the previous example, subtracting the 388 units from the most sold EV model to the 2.173 of total sold cars, we obtain that there are still 1.785 batteries from different car manufacturers to collect. In other words, 82% of the whole market is available for the concurrence.
Finally, all direct reuse alternatives have still one major drawback to overcome, which is the battery connection in series and parallel regarding security issues. In fact, each battery model has its security configuration. To present just an example, some batteries test the Isolation Voltage by forcing small power pulses between the electrodes and the battery case. This programmed routine test impedes a direct connection of batteries in series, forcing the introduction of several components to resolve it. On the other hand, when connecting them in parallel, some unexpected balancing current flows may origin between batteries having different voltage. This problem is aggravated when working with different battery models together. This is the reason why almost all demonstration projects are nowadays presented in pairs of a battery plus a converter, as presented in Figure 4 . This temporary solution solves most of the problems, but needs lots of expensive power electronics. In fact, it is hard to find commercial DC/AC converters on the range of 250-400V DC and 230V AC capable of offering the power that EV batteries can offer. Nowadays, these converters are designed especially for each battery type and project. 
Conclusions
As all emerging markets, EV manufacturers are still testing and searching the energy storage system that better suits their needs. Therefore, many battery alternatives are being deployed. These many alternatives come with technical and business uncertainties and, consequently, with a great diversity of solutions. This study presented the principal challenges that any attempt to do business with reused batteries will face.
All the solutions presented have positive and negative aspects. The options that reuse most of batteries have more technical, formal and management difficulties, while the strategy that is focused on a battery model has industrial facilities but a smaller business market niche. The quantity of EV batteries in the collection circuit has to be taken into account when defining the business strategy in terms of automation, specialization and selection. As simplicity and standardizing is pursued by most manufacturers, at least a selection of the battery characteristics is encouraged.
Joint ventures with car manufacturers provide many facilities and reduce investment and production risks considerably, but they also leave business opportunities to concurrence.
Batteries SOH assessment tests should be improved in order to gain competitiveness for reused batteries, classifying batteries into similar conditions will help to ensure the battery pack endurance and will provide robustness.
Communications between batteries and stationary equipment should be seriously addressed, as it is one of the principal barriers to overcome. In fact, some car manufacturers are studying the possibility to introduce two connectors (one for the 1st and another for the 2 nd life) or a flash memory to reprogram the BMS for a 2 nd life in the new EV battery designs.
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